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WORKSHOP ON THE CE/SE METHOD

Abstract

The space-time conservation element and solution element (CE/SE) method, which

was originated and is continuously being developed at NASA Glenn Research Center, is a

high-resolution, genuinely multidimensional and unstructured-mesh compatible numerical

method for solving conservation laws. Since its inception in 1991, the CE/SE method

has been used to obtain highly accurate numerical solutions for 1D, 2D and 3D flow

problems involving shocks, contact discontinuities, acoustic waves, vortices, shock�acoustic

waves/vortices interactions, shock/boundary layers interactions and chemical reactions.

Without the aid of preconditioning or other special techniques, it has been applied to both

steady and unsteady flows with speeds ranging from Mach number = 0.00288 to 10. In

addition, the method has unique features that allow for (i) the use of very simple non-

reflecting boundary conditions, and (ii) a unified wall boundary treatment for viscous and
inviscid flows.

The CE/SE method was developed with the conviction that, with a solid foundation

in physics, a robust, coherent and accurate numerical framework can be built without in-

volving overly complex mathematics. As a result, the method was constructed using a set

of design principles that facilitate simplicity, robustness and accuracy. The most important

among them are: (i) enforcing both local and global flux conservation in space and time,

with flux evaluation at an interface being an integral part of the solution procedure and

requiring no interpolation or extrapolation; (ii) unifying space and time and treating them

as a single entity; and (iii) requiring that a numerical scheme be built from a nondissi-

pative core scheme such that the numerical dissipation can be effectively controlled and,

as a result, will not overwhelm the physical dissipation. Part I of the workshop will be

devoted to a discussion of these principles along with a description of how the 1D, 2D

and 3D CE/SE schemes are constructed. In Part II, various applications of the CE/SE

method, particularly those involving chemical reactions and acoustics, will be presented.

The workshop will be concluded with a sketch of the future research directions.
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Appendix A. A Sample Program

implicit real*8(a-h,o-z)

parameter (nxd=lO00)

dimension q(3,nxd), qn(3,nxd), qx(3,nxd), qt(3,nxd),
* s(3,nxd), vxl(3), vxr(3), xx(nxd)

nx must be an odd integer.
nx = 101

it = I00

dt = 0.4d-2

dx = O.id-i

ga = 1.4dO
rhol = l.dO

ul = O.dO

pl = l.dO
rhor = 0.125d0

ur = O.dO

pr = O.IdO
la = 1

nxl = nx + I

nx2 = nxl/2

hdt = dt/2.dO

tt = hdt*dfloat(it)

qdt = dt/4.dO

hdx = dx/2.dO

qdx = dx/4.dO

dtx = dt/dx

al = ga - l.dO

a2 = 3.dO - ga

a3 = a2/2.dO
a4 = 1.5dO*al

u21 = rhol*ul

u31 = pl/al + 0.5dO*rhol*ul**2
u2r = rhor*ur

u3r = pr/al + 0.5dO*rhor*ur**2

do 5 j = l,nx2

q(l,j) = rhol

q(2,j) = u21

q(3,j) = u31

q(l,nx2+j) = rhor
q(2,nx2+j) = u2r

q(3,nx2+j) = u3r

do 5 i = 1,3

qx(i,j) = O.dO

qx(i,nx2+j) = O.dO
continue

open (unit=8,file='forO08')

write (8,10) tt,it,ia,nx

write (8,20) dt,dx,ga

write (8,30) rhol,ul,pl

write (8,40) rhor,ur,pr

do 400 i = l,it

m = nx + i - (i/2)'2

do i00 j = l,m
w2 = q(2,j)/q(l,j)

w3 = q(3,j)/q(l,j)
f21 = -a3*w2**2
f22 = a2*w2

f31 = al*w2**3 - ga*w2*w3

f32 = ga*w3 - a4*w2**2
f33 = ga*w2

qt (l,j) = -qx(2,j)



I00

120
150

200

300
400
c

500

600
c

I0

20

30

40

5O

qt(2,j) =-(f21*qx(l,j) + f22*qx(2,j) + al*qx(3,j))

qt(3,j) = -(f31*qx(l,j) + f32*qx(2,j) + f33_qx(3,j))

s l,j) = qdx*qx(l,j) + dtx*(q(2,j) + qdt*qt(2,j))

s 2,j) = qdx*qx(2,j) + dtx*(f21*(q(l,j + qdt*qt(l,j)) +

* f22*(q(2,j) + qdt*qt(2,j)) + al*(q(3 j) + qdt*qt(3,j)))

s 3,j) = qdx*qx(3,j) + dtx*(f31*(q(l,j + qdt*qt(l,j)) +

* f32*(q(2,j) + qdt*qt(2,j)) + f33*(q(3,j) + qdt*qt(3,j)))
continue

if (i.ne. (i/2)'2) goto 150
do 120 k = 1,3

qx(k,nxl) = qx(k,nx)

qn(k,l) = q(k,l)

qn(k,nxl) = q(k,nx)
continue

jl = 1 - i + (i/2),2
mm= m - 1

do 200 j = l,mm

do 200 k = 1,3

qn(k,j+jl) = 0.5dO*(q(k,j) + q(k,j+l) + s(k,j) - s(k,j+l))
vxl(k) = (qn (k, j +j l ) - q(k,j) - hdt*qt(k,j))/hdx

vxr(k) = (q(k,j+l) + hdt*qt(k,j+l) qn(k,j+jl))/hdx

qx(k,j+jl) = (vxl (k)*(dabs(vxr(k)))**ia + vxr(k)*(dabs(vxl(k)))

* **ia)/((dabs(vxl(k)))**ia + (dabs(vxr(k)))**ia + l.d-60)
continue

m = nxl - i + (i/2),2

do 300 j = l,m

do 300 k = 1,3

q(k,j) = qn(k,j)
continue

continue

m = nxl -it + (it/2),2
mm = m 1

XX(1) = -0.5dO*dx*dfloat (mm)

do 500 j = l,mm

xx(j+l) = xx(j) + dx
continue

do 600 j = l,m

x = q(2,j)/q(l,j)

y = al*(q(3,j) - 0 5dO*x**2*q(l,j))
z = x/dsqrt (ga*y/qil, j) )

write (8,50) xx(j),q(l,j),x,y,z
continue

close (unit=8)

format(' t = ',g14.7,' it = ',i4,' ia = ',i4,' nx = ',i4)

format(' dt = ',g14.7,' dx = ',g14.7,' gamma = ',g14.7)

format(' rhol = ',g14.7,' ul = ',g14.7,' pl = ',g14.7)

format(' rhor = ',g14.7,' ur = ',g14.7,' pr = ',g14.7)

format(' x =',f8.4,' rho =',f8.4,' u =',f8.4,' p =',f8.4,
* ' M =',f8.4)

stop
end
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